Abstract. CD133 has been identified as a putative neoplastic stem cell marker in esophageal carcinoma. However, the prognostic value of CD133 overexpression in patients with esophageal carcinoma remains controversial. A meta-analysis of previous studies was performed, in order to assess the association of CD133 overexpression with the clinicopathological characteristics of esophageal carcinoma patients. A total of 7 studies, including 538 patients, were subjected to the final analysis. 
Introduction
Esophageal carcinoma is the sixth most common cause of cancer-related mortality, with an incidence in China accounting for 50% of the cases worldwide (1) . Although chemotherapy, radiotherapy, surgery and biologically targeted therapies continue to progress, the prognosis of esophageal carcinoma patients remains poor, with a 5-year survival rate of <20% worldwide (2) . Accumulating evidence indicates that cancer cells with stem cell-like properties have a potential for self-renewal and differentiation, thereby driving tumorigenesis, resistance to chemotherapy and/or radiotherapy (3) . Due to the existence of cancer stem cells, conventional therapies may not be able to effectively eliminate these cancer cells. Therefore, novel biomarkers must be identified to improve the prognosis of esophageal carcinoma. Recently, certain cell surface markers have been identified as stem cell markers in cancer; among these, CD133 is considered to be the most robust surface marker for cancer stem cells to date.
CD133, also known as prominin-1, is a member of the pentaspan transmembrane glycoprotein family (4) . The CD133 + phenotype was first used to identify and isolate malignant brain tumor stem cells. CD133 is currently identified as a cancer stem cell marker in various solid tumors, such as hepatocellular carcinoma (5), ovarian (6), colon (7) and esophageal carcinoma (8) . Zimmerer et al (9) reported that as few as 500 CD133 + melanoma cells were able to form a tumor in NOD/SCID mice, whereas 100,000 CD133 -cells failed to do so; in addition, Taxol induced apoptosis in CD133 -cells, but not in CD133 + cells. These findings suggested that cancer stem cells have the ability to form the bulk of a tumor cell population and confer resistance to conventional therapy.
As regards esophageal carcinoma, the correlation between CD133 expression and the clinicopathological parameters of esophageal carcinoma is relatively unclear. In order to address these issues, we performed a meta-analysis to determine the association between CD133 expression and the clinicopathological characteristics of esophageal carcinoma.
Materials and methods
Publication search. We performed a comprehensive search through Web of Science, PubMed and the China National Knowledge Infrastructure (CNKI) databases for relevant articles using the following keywords: (CD133 or prominin or AC133) and (outcome or survival or prognosis) and (esophageal carcinoma or esophageal cancer) and (neoplastic stem cells or cancer stem cell or tumor-initiating cell), up to January 3, 2015. A manual search was also performed through the bibliographies of relevant articles to identify studies potentially eligible for inclusion. The title and abstract of each study identified in the search was scanned to exclude any clearly irrelevant articles.
Inclusion criteria. The following criteria were adopted for the included studies: i) Diagnosis of esophageal carcinoma was proven by histopathological methods; ii) the studies investigated CD133 expression in primary esophageal carcinoma tissues (obtained surgically or bioptically); iii) the association between CD133 expression and clinicopathological parameters or prognosis was analyzed; iv) the studies were published as full articles in English or Chinese; and v) the articles were published as original research. Reviews, comments, duplicated studies and articles unrelated to our analysis were excluded.
Data extraction. All the data were extracted by two investigators independently. If an agreement could not be reached, an expert was invited to the discussion. Data tables were drawn to extract all relevant data from texts, tables and figures of the included papers, including first author's name, year of publication, patient's country, tumor stage, number of patients, research technique used, histopathological type and tumor location.
Statistical analysis.
A meta-analysis was conducted of the data collected by using Review Manager 5.2 software. The P-values were two-sided, with the significance level set at P<0.05. Odds ratios (ORs) with 95% confidence intervals (CIs) were used to evaluate the association between the expression of the stem cell marker CD133 and the clinicopathological parameters of esophageal carcinoma, including lymph node metastasis, clinical stage, histopathological grade and depth of invasion. Heterogeneity across studies was evaluated using the Q-test and P-values. ORs were calculated using a random-effects model when the P-value was <0.05. Otherwise, a fixed-effects model was used. Egger's funnel plots were used to assess publication bias using Stata 13.0 software (StataCorp LP, College Station, TX, USA). P<0.05 was considered to be representative of statistically significant publication bias.
Results
Study characteristics. The characteristics of the eligible studies are summarized in Table I . A total of 7 studies, published between 2009 and 2014, met the inclusion criteria for this metaanalysis (Fig. 1) . The total number of patients was 538, ranging from 28 to 136 patients per study. All the studies were based on the data of retrospective analyses. A total of 5 studies reported the association between CD133 expression and lymph node metastasis; 5 studies reported the association between CD133 expression and clinical stage; 7 studies reported the association between CD133 expression and histopathological grade; and 4 studies reported the association between CD133 expression and depth of invasion. Immunohistochemistry (IHC) was used to evaluate CD133 expression in esophageal carcinoma specimens in all the studies.
Main results of the meta-analysis
Correlation of CD133 with lymph node metastasis. A total of 5 studies assessed the association between CD133 expression and lymph node metastasis (Fig. 2) . A positive CD133 expression was significantly associated with lymph node metastasis (OR=3.09, 95% CI: 1.93-4.95; P<0.00001), without any heterogeneity in the data (χ 2 =5.58, I 2 =28%; P=0.23). These studies indicated that CD133 overexpression is associated with the prognosis of esophageal carcinoma.
Correlation of CD133 with clinical stages. A total of 5 studies assessed the association between CD133 expression and clinical stage (Fig. 3) . A positive CD133 expression was significantly associated with clinical stage (OR=4.26, 95% CI: 1.55-11.73; P= 0.005), with heterogeneity in the data (χ 2 =13.84, I 2 =71%; P=0.008). In order to test the heterogeneity in clinical stage, we performed sensitivity analyses to assess the stability of the results. Our results suggested that the sensitivity was low and the results were more robust and credible. These studies indicated that CD133 overexpression is associated with the prognosis of esophageal carcinoma.
Correlation of CD133 with histopathological grade. A total of 7 studies assessed the association between CD133 expression and histopathological grade (Fig. 4) . There was and depth of invasion (Fig. 5 ). There were no significant differences in the depth of invasion (OR=1.89, 95% CI: 0.42-8.43; P= 0.41) between different expression groups, indicating that higher CD133 expression was not significantly associated with depth of invasion in esophageal carcinoma.
Publication bias. Egger's tests were applied to estimate the publication bias of the included studies (Fig. 6 ) and did not reveal any evidence of obvious asymmetry in the overall meta-analysis of all the included studies.
Discussion
Esophageal carcinoma is one of the most common and most aggressive cancers worldwide and a leading cause of cancer-related mortality in China (17) . Surgical resection, which achieves long-term survival of esophageal carcinoma patients, is considered to be one of the standard treatments of esophageal carcinoma, provided that the tumor is resectable (18) . Although there has been significant progress in the diagnosis and treatment of esophageal carcinoma, its incidence and mortality rates remain high; therefore, new therapies are urgently needed (19) . It has been reported that a rare subpopulation of cells with special surface markers within esophageal carcinoma have the potential to initiate and sustain tumor growth. These cells have the exclusive properties of self-renewal and may give rise to all the heterogeneous lineages of cancer cells that eventually constitute the tumor bulk (20) . Cancer stem cells were first reported in acute myeloid leukemia, in which a rare subset comprising 0.01-1% of the total population was able to establish tumors when transplanted into mice with severe combined immunodeficiency (SCID mice), whereas the major cell population could not (21) . Since then, cancer stem cells have been reported to promote solid tumor development, including breast cancer (22) , melanoma (23), hepatocellular carcinoma (5) and esophageal carcinoma (8) . This new paradigm has remarkable implications for cancer therapy, as it suggests that our currently available therapies are more successful at eradicating non-cancer stem cells rather than cancer stem cells (24, 25) . Cancer stem cells exhibit major phenotypic and functional heterogeneity, which may help distinguish them from cancer cells and may lead to the identification of better targets for therapeutic intervention (26) .
Over the last few years, several cell surface markers have been identified as stem cell markers in cancer, including CD133, CD90, CD271, CD44, CD24, ABCB5 and ALDH. CD133 is a widely used marker for isolating cancer stem cells in a range of solid tumors (27) . CD133 is a member of the cell membrane protein superfamily and has been used to identify tumor-initiating cells as a specific marker in esophageal carcinoma (28) . In addition, it has been reported that the presence of CD133 + cells was associated with distinct clinicopathological characteristics in esophageal carcinoma. It is notable that this association was observed in our meta-analysis of CD133 expression with lymph node metastasis, clinical stage and histopathological grade, suggesting that CD133 may be a marker of poor prognosis in esophageal carcinoma. There are also certain shortcomings in this study that ought to be discussed. First, the number of included studies was relatively small, with only 538 cases in total. Esophageal carcinoma patients had received different treatments (perioperative adjuvant therapy or curative surgical resection alone), and the preoperative TNM stage varied. We were unable to assess these potential confounders present in individual studies. Second, potential publication bias was a major concern. We restricted our systematic review to articles published in English or Chinese, as other languages were not accessible to the readers. Third, in the meta-analyses of prognostic factors, variability in definitions, outcomes, measurements and experimental procedures may contribute to between-study heterogeneity (29) .
In conclusion, despite the abovementioned limitations, this meta-analysis indicated that CD133 expression was associated with the clinical parameters of esophageal carcinoma, such as lymph node metastasis, clinical stage and histopathological grade. Further studies on CD133 and its potential as a marker for esophageal carcinoma prognosis in clinical practice are required.
